Abstract: A new manganese complex was synthesised around S,S-1,2-diaminocyclohexane linked ketopinic acid scaffold, and successfully utilised as a catalyst in the aldol condensation reactions of benzaldehyde with various aliphatic ketones to obtain products with excellent yield of >99%.
INTRODUCTION
Aldol condensation reaction as a C-C bond formation reaction continued to provide opportunity for the synthesis of valuable intermediates, natural products, as well as other biologically important compounds (1-3). The major concern with some of the reported methodologies has always been the issue of atom economy (4, 5) . Although a number of catalytic methods were developed to improve the condition, it however often incorporates the use of harsh temperatures. For instance, Climent and co-workers have utilised solid base catalysts derived from hydrotalcites to achieve high yields and selectivities in the preparation of chalcones and flavanones of pharmacological interest, such as Vesidryl (6) . Similarly Kottapali et al. have investigated the aldol condensation of benzaldehyde and acetone in the liquid phase on hydrotalcites tranformed into basic solid with good yield (7). Corma and Martin-Aranda have modified sepiolites by substituting a part of the Mg z+ located at the borders of its channels with alkaline ions to afford strong base catalyst for the aldol condensation (8) . Also Corma et al. have carried out the condensation of benzaldehyde with various active methylene compounds in the presence of zeolites as a basic catalyst (9) . In an effort to improve the catalytic activity of their earlier reported method on the use of hydrotalcites, Climent and co-workers successfully increased the surface area of the catalyst by sonication, and employed it in the aldol condensation reactions (10) . In this work, a new organic-metal complex based on ketopinic acid scaffold and manganese was constructed and tested as catalyst in the aldol condensation of various aliphatic substrates at a mild temperature. (7,7- 
MATERIALS AND METHODS

Reagent
2,2'-(1S,2S)-cyclohexane-1,2-diylbis(azan-1-yl-1-ylidene)bis
dimethylbicyclo[2.2.1]heptane-1-carboxylic acid) 3
Ketopinic acid (382 mg, 2.096 mmol) was dissolved in CHCl3 (5 mL) and S,S-1,2-diaminocyclohexane (126 µL, 1.05 mmol) acetic acid (0.1 mL) were added successively at room temperature. The mixture was refluxed for 36 h and then the reaction was quenched with H2O (5 mL). The biphasic solution was extracted with CH2Cl2 (10 mL), and then separated. The subsequent organic layer was washed with brine (5 mL), dried over anhydrous MgSO4, and concentrated. Purification of the crude product was effected by column chromatography on silica gel using 4/1 EtOAc/CH2Cl2 as eluent and the product were obtained as a white solid (0.35g, 29%); m. 
Trans-1-phenylhept-1-en-3-one 9c
Yellow oil; >99% yield, δH (600 MHz; CDCl3 
Cis-4,4-dimethyl-1-phenylpent-1-en-3-one 9d
Yellow oil ; >99% yield, δH (600 MHz; CDCl3) 
RESULTS AND DISCUSSION
The ligand 3 reported by Yang et al. (11) was synthesised using the standard procedure, Table 1 ).
The results shows that THF is the most efficient solvent as it allows the formation of the aldol product in >99% yield at relatively shorter time. Attempt to reduce the catalyst loading result in longer duration of the reaction. Although not captured in Table 1 , but the method development reveals that any attempt to reduce the cyclohexanone equivalent furnish the corresponding aldol in negligible amount. In fact it could only be detected in the 1 H NMR spectroscopic analysis of the crude mixture. Determined by the analysis of the reaction mixture using 1 H NMR spectroscopy Based on the catalyst performance, other substrates were explored to further ascertain its efficacy. The results (Table 2) demonstrate that the catalyst has relatively wide spectrum of activity. Benzaldehyde (1.5 mmol), Ketone (15 mmol) 2 Geometrical assignment was determined using DFT calculation of the lowest energy isomers 3 Determined by the analysis of the reaction mixture using 1 H NMR spectroscopy
CONCLUSIONS
Ketopinic acid was successfully employed as a scaffold in the synthesis of a manganese (III) complex. The catalytic efficiency of the obtained complex was investigated in the aldol condensation of benzadehyde with cyclohexanone to obtain product with excellent yield at a short duration. Subsequently other aliphatic ketones were reacted with the benzaldehyde at the optimized reaction condition to furnish the corresponding aldol products with an impressive yield. Interestingly, it was found that irrespective of the structure of the aliphatic ketone, the yield of the products was always excellent within a short duration. This suggest that the catalytic system developed in this work possess strong Lewis acidity which help in the activation of the carbonyl groups in the reacting species.
